Introduction {#sec1-1}
============

In 2004, researchers Adsay and Zamboni proposed paraduodenal pancreatitis (PP) as a superordinate term for a distinct variant of alcohol-induced focal chronic pancreatitis which had been formerly described under various titles including cystic dystrophy of heterotopic pancreas, paraduodenal wall cyst, pancreatic hamartoma of duodenum, myoadenomatosis, and groove pancreatitis.\[[@ref1][@ref2]\] The authors observed that all the aforementioned disorders shared common clinical and pathological features, i.e. they affected young men with a history of chronic alcohol abuse and/or smoking who presented with clinical symptoms similar to chronic pancreatitis. When reviewed from a pathological viewpoint, they observed analogous histopathologic manifestations of chronic inflammatory, cystic, and fibrotic changes involving the duodenum, adjacent pancreatico-duodenal groove, and the juxtaduodenal pancreas \[[Figure 1](#F1){ref-type="fig"}\].\[[@ref1][@ref2][@ref3][@ref4][@ref5][@ref6][@ref7][@ref8]\]

![Pictorial illustration of paraduodenal pancreatitis depicting a fibroinflammatory mass (PP) in the pancreatico-duodenal groove (PDG) with concurrent duodenal and paraduodenal cysts (C) in the region of minor papilla (MP). P: Pancreas; DS: Duct of Santorini; DW: Duct of Wirsung](IJRI-25-303-g001){#F1}

Pathogenetically, disturbance of the flow of pancreatic juice through the accessory duct of Santorini and the presence of heterotopic pancreatic tissue within the duodenal wall, on the background of chronic alcohol abuse, are allegedly responsible for its development \[[Figure 2](#F2){ref-type="fig"}\].\[[@ref1][@ref2][@ref3][@ref4][@ref5][@ref6][@ref7][@ref8][@ref9][@ref10]\] The histopathologic hallmark of PP is the presence of chronic inflammatory, cystic, and fibrotic changes involving the descending duodenum, especially in the region of minor papilla, adjacent pancreatico-duodenal groove, and/or the juxtaduodenal pancreas \[[Figure 3](#F3){ref-type="fig"}\].\[[@ref1][@ref2][@ref3][@ref4][@ref5][@ref6][@ref7][@ref8]\] Macroscopically, the most characteristic finding is duodenal wall thickening with pseudotumorous polypoid giant folds and dense scarring causing varying degrees of luminal compromise.\[[@ref1][@ref2][@ref3][@ref4][@ref5][@ref6][@ref7][@ref8][@ref9][@ref10]\] Duodenal involvement is predominantly on the pancreatic side and is most pronounced in the region of the minor papilla (supra-ampullary region).\[[@ref1][@ref2][@ref3][@ref4][@ref5]\] Intramural cystic lesions are almost always there and can be either located submucosally or within the muscularis layer, ranging in size from less than 1 cm up to 10 cm.\[[@ref1][@ref2][@ref3][@ref4][@ref5][@ref8]\] If large and multiple, the cysts may barge into the adjacent groove and compress the distal bile duct. The adjoining pancreatico-duodenal groove frequently displays fibroinflammatory changes and dense firm whitish scar tissue often simulating a neoplasm.\[[@ref1][@ref2][@ref3][@ref4][@ref5][@ref6][@ref7][@ref8][@ref9][@ref10]\] Microscopically, the duodenal wall typically shows dense Brunner\'s gland hyperplasia and myoid stromal proliferation.\[[@ref1][@ref2][@ref3][@ref4][@ref5][@ref8][@ref9][@ref10]\] Frequent accompaniment is the presence of heterotopic pancreatic tissue with cystically dilated ducts often containing inspissated secretions.\[[@ref1][@ref2][@ref3][@ref4][@ref5][@ref8]\] The pancreatic parenchyma of the head which is normal during the early stages shows mild-to-moderate fibrosis in due course.\[[@ref1][@ref2][@ref3][@ref4][@ref5]\] Pancreatic involvement in the form of duct ectasia with intraductal calculi, chronic parenchymal inflammation, and myofibroblastic proliferation can be encountered as the disease advances.\[[@ref3][@ref4]\]

![Etiopathogenesis of paraduodenal pancreatitis](IJRI-25-303-g002){#F2}

![Schematic illustration of the pathological manifestations of paraduodenal pancreatitis](IJRI-25-303-g003){#F3}

Characteristic imaging findings include focal wall thickening of the pancreatic side of duodenum with varying degrees of luminal compromise and intramural and/or paraduodenal cysts.\[[@ref7][@ref9][@ref10]\] Often, this is accompanied by plate-like scar tissue in the groove region, which may cause smooth distal bile duct narrowing and may encroach into the adjacent pancreatic parenchyma. However, the imaging diagnosis may not always be straightforward and, therefore, a thorough knowledge of the imaging appearances of PP across an array of imaging modalities is necessary for the radiologist to make an apposite diagnosis. Most important is the differentiation from groove pancreatic carcinoma, keeping in view optimal therapeutic planning.\[[@ref7]\] The present study appraises the clinicoradiological manifestations of PP in 33 patients treated at our institution.

Materials and Methods {#sec1-2}
=====================

This is a retrospective analysis of 33 patients of PP treated in gastroenterology/hepatology and hepato-pancreatico-biliary surgery units at our institute, during June 2010-August 2014. In lieu of the retrospective nature of the study, institutional review board approval was not required as per our institution\'s policy. A detailed clinical, laboratory, and radiological workup led to the diagnosis of PP. The clinical details were collated along with available laboratory parameters including serum amylase, lipase, liver function tests (LFT), and tumor markers such as carbohydrate antigen (CA 19-9) and carcinoembryonic antigen (CEA). Histopathologic confirmation by fine needle aspiration (FNA) or post-surgical biopsy for exclusion of neoplasia, in relevant cases, was also reviewed. All patients underwent either a contrast-enhanced computed tomography (CT) or magnetic resonance imaging (MRI) evaluation. In addition, results of transabdominal ultrasonography (USG) and endoscopic ultrasound (EUS) examination, wherever available, were reviewed.

All CT studies were performed on a Discovery 750HD 64-row spectral CT scanner (General Electric, USA). The helical scan parameters included: 120 kV with automated mA, 0.6 s rotation time, speed 55 mm/rotation, pitch of 1.375:1, detector coverage 40 mm, and matrix size of 512 × 512. A low osmolarity non-ionic contrast medium (Iomeron; 1.5-2.0 ml/kg body weight, 400 mg/ml) was administered intravenously at a rate of 3.0-3.5 ml/s (approximately 70-100 ml) and scans obtained in the arterial phase, pancreatic phase, and portal phase with a delay of 30 s, 50 s, and 70 s, respectively, with a slice of 2.5 mm thickness. MR imaging was performed on a 3 T Signa HDXT MR scanner (General Electric, USA) using a phased-array TORSOPA coil to enhance signal reception. Unenhanced axial sequences were acquired with a slice thickness of 5 mm at 1 mm intervals, including T1W and T2W single-shot fast spin echo (SSFSE) sequences with and without fat suppression, followed by a fat-saturated dynamic T1W gadolinium-enhanced study (with breath hold). Two-dimensional fast imaging employing steady-state acquisition (2D FIESTA) sequences were also obtained in axial and coronal planes with a slice thickness of 3 mm and at 0.5 mm intervals. Three-dimensional magnetic resonance cholangiopancreatography (3D MRCP) sequences were obtained (in axial and coronal planes) by respiration-triggered heavily weighted T2 sequence FRFSE-XL) with contiguous thin sections (1.4 mm/0.7 overlap). In addition, T2 SSFSE sequences were also obtained (with breath hold) in thick slabs of 40 mm in coronal oblique planes at 20° increments, keeping the common bile duct as the center of rotation. Imaging parameters for SSFSE sequences included: Repetition time (TR) 2100 ms, time to echo (TE) 80.1 ms, slab thickness 0.5 mm, field of view (FOV) 38 cm, and matrix 288 × 192. Imaging parameters for FIESTA sequences were: TR 4.7 ms, TE 2.1 ms, slab thickness 3 mm, FOV 35 cm, flip angle 70°, and matrix 224 × 352. USG was performed by four radiologists (R.S.), (Y.P.), (A.A.) and (S.T.) with more than 6, 9, 10 and 12 years experience on Toshiba Xario™ ultrasound system (Toshiba Medical Systems Corporation, Japan) with a 3.5 MHz convex probe or on iU22 (Philips Medical Systems, Bothell, WA, USA) using a convex array transducer (3.5 MHz).

The imaging manifestations were broadly categorized into four: duodenal involvement, involvement of the pancreatico-duodenal groove, involvement of pancreas proper, and biliary manifestations. Descending duodenum was evaluated for the presence of wall thickening, mural hyperenhancement, intra/paraduodenal cystic lesions, and/or luminal compromise. Based upon the presence of predominantly solid scar tissue or cystic lesions in the pancreatico-duodenal groove, the disease was categorized as either solid or cystic variant. When solid scar tissue was present, its enhancement characteristics were evaluated along with the presence of displacement/encasement of peripancreatic vessels (to differentiate it from groove pancreatic carcinoma). Pancreatic involvement was evaluated for concurrent involvement of the head in the form of a hypoenhancing focal area. Also, intrapancreatic cystic lesions in the head were documented. The pancreas was also evaluated for the presence of main duct dilatation, calcifications (localized to the head/diffuse involvement), or pancreatic parenchymal atrophy. Based upon whether the changes remained confined only to the duodenum and/or groove region or, in addition, also involved the head of the pancreas, the disease was classified as "pure" or "segmental" forms, respectively. Also, the biliary tree was evaluated for the presence of biliary stricture and/or an elongated ectatic gallbladder (popularly termed as banana gallbladder). All USG, CT, and MR examinations were read by experienced radiologists (A.A.), (A.M.) and (S.T.) with more than 10, 11 and 12 years experience, respectively; and EUS findings by an experienced gastroenterologist (V.B.) with more than 15 years experience, and the necessary information was tabulated as per the aforementioned checklist.

Results {#sec1-3}
=======

We had 33 patients of PP with a mean age 46.27 years (range 28-66 years), whose demographic and clinical details are given in [Table 1](#T1){ref-type="table"}. We had no female patient and the entire study group consisted of men, of which 31 (93.93%) gave a history of long-term alcohol abuse (\>8-10 years) while 14 (42.42%) also had a history of cigarette smoking. Thirty of the 33 (90.9%) patients presented with gradually worsening or acute episodes of abdominal pain and 16 (48.8%) had concurrent complaints of nausea and/or vomiting. Five of the 33 (15.15%) patients gave a history of weight loss, while only 2 (6%) presented with features of gastric outlet obstruction. Ten of the 33 (30.3%) patients also complained of darkening of urine and/or yellowing of eyes compatible with jaundice; 3 of these 10 patients also had underlying alcohol-related liver cirrhosis and elevated LFT could partly be explained by this.

###### 

Demographic data, clinical history, and laboratory parameters

![](IJRI-25-303-g004)

The laboratory parameters including serum amylase, lipase, LFT, and tumor markers (CA 19-9, CEA) of the study population are presented in [Table 1](#T1){ref-type="table"}. In almost all patients, the pancreatic enzymes (serum amylase and lipase) were either within the normal range or marginally elevated. In 28 of the 33 (84.84%) patients, tumor markers were within the normal range. CA19-9 was marginally elevated in 2 (6.06%) patients and significantly elevated in 3 (9.09%) patients, albeit the CEA levels remained normal in all these patients.

All 33 patients underwent either a contrast-enhanced CT or MRI of the abdomen. In 24 patients, the study was conducted according to a dedicated pancreatic protocol. Twenty-two patients also had a transabdominal USG, although the pancreas could not be evaluated in 10 due to overlying bowel shadows. Sixteen patients also had a EUS examination in addition to CT or MR imaging. The spectrum of imaging manifestations (as per the checklist) is enlisted in [Table 2](#T2){ref-type="table"}.

###### 

Imaging characteristics

![](IJRI-25-303-g005)

Medial duodenal wall thickening with increased enhancement was the commonest imaging manifestation seen in 87.87% and 81.81% patients, respectively. Twenty-six (78.78%) patients displayed duodenal or paraduodenal cysts \[[Figure 4](#F4){ref-type="fig"}\]. The disease was predominantly cystic in 19 (57.6%) patients, while 14 exhibited a predominantly solid form (42.4%) \[[Figure 5](#F5){ref-type="fig"}\]. Gastroduodenal artery remained normal in course and caliber in 9 (27.3%) patients, while it was medially displaced in the remaining 24 (72.7%) patients. In none of the patients, the peripancreatic vessel was either encased or attenuated. Solid scar tissue when present (17 patients) was hypoenhancing relative to the adjoining pancreas. Only 2 of the 17 (11.76%) patients with a hypoenhancing solid scar tissue showed delayed enhancement of the scar. The so-called pure form involving only the duodenum and/or the groove region was observed in 15 (45.45%) patients, while 18 (54.54%) patients exhibited segmental form characterized by concurrent involvement of the pancreatic head \[[Figure 6](#F6){ref-type="fig"}\]. Pancreas proper displayed atrophic changes in 12 (36.3%) patients, while 10 (30.3%) patients showed pancreatic calcifications, confined to the head in 5 patients and was diffuse in the remaining 5 patients \[[Figure 7](#F7){ref-type="fig"}\]. As many as 18 (54.54%) patients showed main pancreatic duct dilatation with smooth caliber transition if at all in the head region. The distal bile duct showed smooth stenosis at its distal end in 9 (27.3%) patients. None had an abrupt bile duct cut-off to suggest malignancy. An elongated and distended (banana-shaped) gallbladder was encountered in 3 (9.09%) patients \[[Figure 8](#F8){ref-type="fig"}\].

![Axial contrast-enhanced CT displaying medial duodenal wall thickening with mural hyperenhancement (arrow). In addition, paraduodenal cyst is noted (arrowhead) along with a hypoenhancing soft tissue (dotted arrow) sandwiched between the pancreatic head and the descending duodenum](IJRI-25-303-g006){#F4}

![(A and B) Cystic variant of paraduodenal pancreatitis displaying extensive cystic formations in the groove (thick arrow) causing medial displacement of the gastroduodenal artery which otherwise is normal in caliber (thin arrow) (C and D) Solid variant of paraduodenal pancreatitis wherein a hypoattenuating sheet-like fibrous tissue is seen within the pancreatico-duodenal groove (arrow)](IJRI-25-303-g007){#F5}

![(A) "Pure" form of disease characterized by a normal-appearing pancreatic head (thick arrow) and the inflammatory changes remaining confined to the groove region (thin arrow) (B) "Segmental" form of disease wherein the head of the pancreas is concurrently involved and shows a hypoenhancing lesion (thick arrow). Predominantly cystic form of the disease can be seen within the groove (thin arrow)](IJRI-25-303-g008){#F6}

![(A) A 50-year-old patient with paraduodenal cystic lesions (arrowheads) displaying calcifications localized to the pancreatic head (arrow). Also, note the changes of alcohol-related liver disease (dotted arrows) and ascites (asterisk) (B) A 52-year-old patient with paraduodenal pancreatitis and a large paraduodenal cyst (arrowhead) showing an atrophic pancreas with diffuse calcifications (arrows)](IJRI-25-303-g009){#F7}

![Thick slab 2D MRCP in a 33-year-old patient of paraduodenal pancreatitis showing excessive widening of the space between the descending duodenum (D) and the bile duct (thin arrow). An ectatic and elongated banana-shaped gallbladder can also be seen (thick arrow)](IJRI-25-303-g010){#F8}

Only, one of our patients required a pancreaticoduodenectomy to relieve his symptoms of unrelenting pain and weight loss owing to progressive gastric outlet obstruction. Rest of the patients were managed conservatively with or without endotherapy. All were followed up either in gastroenterology or hepatology and hepato-pancreatico-biliary surgery units. The follow-up duration ranged from 1 to 42 months (mean 10 months). Those patients who presented with elevated tumor marker levels were subjected to EUS- guided FNA to exclude malignancy. In spite of the imaging manifestations being not suspicious of carcinoma, all these patients were subjected to EUS-guided FNA to exclude malignancy. None of these patients displayed evidence of malignancy on FNA (four patients) or post-surgical histopathologic evaluation (one patient). Follow-up evaluation demonstrated declining trend of serum tumor marker levels following the acute episode.

Discussion {#sec1-4}
==========

In 2004, Adsay and Zamboni suggested that all the entities including pancreatic duodenal hamartoma, paraduodenal wall cyst, cystic dystrophy of the pancreas, myoadenomatosis, and groove pancreatitis represented the same lesional spectrum or different stages of the same disease, which primarily affected the duodenum in the region of minor papilla.\[[@ref2]\] Historically, the term "groove pancreatitis" first appeared in 1982 in the reports of Stolte *et al.*, although the condition was first described in 1973 in the German literature by Becker and Bauchspeichel as "segmentare pancreatitis".\[[@ref11][@ref12]\] They observed an intriguing variant of segmental chronic pancreatitis wherein a sheet-like fibroinflammatory mass remained principally localized within the pancreatico-duodenal groove. Subsequently, in 1991, Becker and Mischke observed two subtypes wherein the disease either remained confined to the groove region (pure form) or, in addition, contiguously permeated the dorsocranial pancreas (segmental form).\[[@ref13]\] But even before the description of groove pancreatitis, a similar description of the disease can be obtained in the French literature in which Potet and Duclert described the entity as cystic dystrophy of the pancreas in the year 1970.\[[@ref14]\] They observed duodenal wall thickening with intraparietal cystic lesions (lined by pancreatic duct-like epithelium), which were believed to represent cystic formations within the heterotopic intraduodenal pancreatic tissue. Dense accompanying inflammatory granulation tissue was observed in the duodenal wall, while the histological examination of the pancreas proper was normal.\[[@ref14]\] Later, in the 1996 World Health Organization classification of tumors and pseudotumoral lesions of the pancreas, the entity was referred to as para-ampullary duodenal wall cyst.\[[@ref15]\] Besides, the entity has also been referred to as pancreatic hamartoma of the duodenum which symbolizes its pseudotumoral nature owing to a complex amalgamation of intraduodenal pancreatic tissue with distorted ducts and acini, Brunner gland, and smooth muscle hyperplasia on a background of dense fibrosis.\[[@ref1][@ref2][@ref3][@ref4][@ref5]\] Dense proliferation and trabeculation of duodenal musculature seen in conjunction with intramural macrocystic or microcystic changes has also earned it the name of myoadenomatosis.\[[@ref1][@ref2][@ref3][@ref4][@ref5][@ref8]\] Based upon their shared pathological and clinical manifestations, all the aforementioned entities/terminologies are now collectively termed as "paraduodenal pancreatitis".\[[@ref1][@ref2][@ref3][@ref4][@ref5][@ref6][@ref7][@ref8]\]

PP usually occurs in men in their 40s or 50s and is associated with a history of chronic alcohol abuse and/or smoking.\[[@ref1][@ref2][@ref3][@ref4][@ref5][@ref6][@ref7][@ref8][@ref9][@ref10]\] Chronic alcohol abuse is the key factor in the development of PP and the disease typically affects young to middle-aged male patients.\[[@ref1][@ref2][@ref3][@ref4][@ref5][@ref6][@ref7][@ref8][@ref9][@ref10][@ref11][@ref12][@ref13][@ref14][@ref15]\] According to one of the propositions, chronic alcohol intake increases the viscosity of the pancreatic juice, ensuing the formation of intraductal protein plugs which obstruct the flow of pancreatic secretions, thereby elevating the pancreatic duct pressures.\[[@ref16][@ref17]\] That the process is primarily located in the region of Santorini duct suggests the possibility of anatomical or functional obstruction of the minor papilla, which has been attributed to alcohol-induced periampullary Brunner gland hyperplasia causing occlusion or dysfunction of the minor papilla \[[Figure 2](#F2){ref-type="fig"}\].\[[@ref1][@ref2][@ref3][@ref4][@ref5][@ref18]\] Another likely explanation is the presence of heterotopic pancreatic elements within the duodenal wall which get trapped during embryogenesis.\[[@ref1][@ref2][@ref3][@ref4][@ref8][@ref9][@ref10]\] Alcohol is probably also injurious to the acinar cells in the heterotopic pancreatic elements, which causes their fatty degeneration, inflammation, and necrosis. Also, the presence of heterotopic pancreatic tissue may contribute to outflow obstruction of an anatomically aberrant minor papilla.\[[@ref6]\] The fibroinflammatory process primarily being centered in the region of the minor papilla also raises the possibility of an underlying anatomic variation in the ductal anatomy, such as congenitally absent or narrow Santorini duct or the presence of pancreas divisum, making it particularly susceptible to the effects of alcohol-related injury.\[[@ref19][@ref20]\] Besides, smoking is also thought to be an important risk factor for PP, with the combination of alcohol abuse and smoking aggravating and hastening the evolution of the disease.\[[@ref5][@ref19][@ref20]\] In addition to causing outflow resistance at the minor papilla, alcohol and smoking are also believed to cause ischemic injury of the juxtapapillary duodenum and the adjacent groove.\[[@ref5][@ref19][@ref20]\]

All 33 patients in our study were men (100%) in the age range of 28-66 years (mean age 46.27 years). Thirty-one of the 33 (93.93%) patients had a history of long-term alcohol abuse, while 14 (42.42%) patients also gave a history of smoking for more than 10 years. Initial clinical symptoms include recurrent episodes of acute or gradually worsening abdominal pain, which may be localized to the upper abdomen or may radiate to the back.\[[@ref1][@ref5][@ref9][@ref10]\] This may be accompanied with nausea and vomiting which worsens following food consumption. Although most patients usually present within 3-6 months of experiencing the symptoms, the duration is highly variable ranging from a few weeks to more than a year.\[[@ref17]\] Often, as the disease progresses, the pain episodes become more frequent and severe, and the patients start manifesting symptoms of gastric outlet obstruction owing to progressive inflammatory narrowing and/or scarring of the duodenum.\[[@ref5][@ref9][@ref10][@ref21]\] This may lead to progressive loss of body weight with attendant tiredness and fatigue, thus raising concerns for a potential malignancy.\[[@ref5][@ref9][@ref10]\] However, as opposed to pancreatic or gastroabdominal malignancies, serum tumor markers such as CA 19-9 and CEA usually remain within the normal range or may show marginal or transient elevation.\[[@ref9][@ref22]\] The pancreatic enzymes (serum amylase and lipase) are mildly elevated as opposed to acute pancreatitis. Only rarely does the patient manifest clinically with painless obstructive jaundice secondary to distal bile duct involvement.\[[@ref1][@ref2][@ref3][@ref4][@ref5][@ref9][@ref10][@ref21]\] Moreover, unlike chronic pancreatitis due to other causes, PP is usually not associated with symptoms of pancreatic insufficiency, such as diabetes and steatorrhea, as the major portion of the gland is by and large spared, though some patients may manifest pancreatic insufficiency secondary to alcohol-induced chronic calcific pancreatitis.\[[@ref3][@ref4]\] In our series, 7 of the 33 (21.2%) patients were found to have elevated serum glucose levels presumably due to their relatively late presentation during the course of the disease by which time chronic alcohol-induced pancreatic injury and insufficiency had already set in.

USG is often the first diagnostic tool used in patients with suspected pancreatitis. Although widely accessible and readily available, the sonographic appearances of PP have sparingly been reported.\[[@ref17][@ref23][@ref24]\] USG findings vary as the disease progresses from the initial inflammatory stage to an advanced fibro-cicatricial phase, and often the differentiation from malignant processes is tricky based upon USG findings alone.\[[@ref17][@ref22][@ref23][@ref24]\] During the initial stages, mild-to-moderate inflammatory thickening of the second portion of the duodenum can be appreciated displaying prominent hyperechoic duodenal folds amid the presence of intramural or paraduodenal cystic lesions \[[Figure 9](#F9){ref-type="fig"}\]. Unlike periampullary tumors which display focal hypoechoic mural thickening, the duodenal wall thickening in PP is more general, but nevertheless remains more pronounced along the medial wall. In addition, a band-like hypoechoic area may be seen widening the groove with or without associated heterogeneity of the adjacent pancreatic head.\[[@ref17]\] Duodenal peristaltic activity is often preserved and appreciable till late. Progressive scarring of the duodenum and dorsocranial pancreatic head renders the groove area heterogeneously hyperechoic intermixed with anechoic ductal structures. Irregular and heteroechoic texture of the pancreatic head and attendant narrowing of the distal bile duct and the proximal main pancreatic duct can easily simulate a neoplasm.\[[@ref17]\]

![Transabdominal ultrasonography (A) depicting thickened (arrows) descending duodenal wall (D2) accompanying a relatively bulky heteroechoic (arrowheads) head of pancreas (HOP) in an alcoholic patient with paraduodenal pancreatitis (B) A different patient of paraduodenal pancreatitis with duodenal thickening (D2) and accompanying cystic formation (arrowhead)](IJRI-25-303-g011){#F9}

Characteristic imaging findings on CT include reactive parietal thickening along the medial aspect of the descending duodenum. The thickened duodenal wall often shows prominent enhancement and, depending upon the degree of duodenal thickening/scarring and consequential luminal compromise, there may be attendant findings of upstream gastric dilatation.\[[@ref7][@ref9][@ref10][@ref23][@ref24][@ref25]\] Frequently, duodenal thickening is associated with intramural or paraduodenal cystic lesions, the presence of which is a useful indicator toward the diagnosis \[[Figure 6](#F6){ref-type="fig"}\]. These cysts greatly vary in number and size, ranging from subcentimetric up to 8-10 cm, and are best discernible following contrast administration. Often, this is accompanied by a poorly enhancing mass within the C-loop of the duodenum and the head of the pancreas (pancreatico-duodenal groove).\[[@ref1][@ref5][@ref9][@ref10][@ref25][@ref26][@ref27][@ref28][@ref29]\] The soft tissue within the groove may be difficult to discern on the unenhanced scan; however, it stands out as a hypoattenuating tissue following intravenous contrast administration. On delayed imaging, it may show mild enhancement reflecting its fibrous nature.\[[@ref25]\] Based upon the predominance of the solid scar tissue or cystic lesions, two variants of PP have been described: (1) The "cystic" type showing multiple paraduodenal and/or duodenal wall cysts which may protrude into the duodenal lumen and (2) the "solid" type characterized by a marked medial duodenal wall thickening with a sheet-like solid mass in the groove \[[Figure 7](#F7){ref-type="fig"}\].\[[@ref5]\] Pretis *et al.*, in their series of 112 patients, reported cystic variant in 79 (70%) patients and solid type in 33 (30%) patients,\[[@ref30]\] whereas of the 33 patients in the present study, the disease was predominantly cystic in 19 (57.6%) and the remaining 14 patients exhibited a predominantly solid variant (42.4%).

The sheet-like fibrotic scarring can remain confined to the groove region (pure form) or may extend to involve the adjoining portion of the head of the pancreas (segmental), thus simulating a scirrhous groove (pancreatic) carcinoma.\[[@ref24][@ref28]\] The pure form of the disease is relatively uncommon; in a surgical series of 600 patients, the pure form was detected in only 2% cases, although the changes in the pancreatic head may not always identifiable on imaging alone.\[[@ref9][@ref31]\]

The importance of differentiating segmental variant from groove pancreatic carcinoma remains challenging. However, unlike in carcinoma, the peripancreatic vessels in PP are neither constricted, attenuated nor encased.\[[@ref32]\] Graziani *et al.*, suggested that identification of the gastroduodenal artery is a useful diagnostic sign that can help differentiate groove carcinoma from PP. A normal-sized artery, if displaced leftward, favors paraduodenal (groove) pancreatitis, while an encased or constricted artery seen encased within the soft tissue favors a groove carcinoma.\[[@ref32]\] Pure form involving only the duodenum and/or the groove region was observed in 15 (45.45%) patients and segmental form (with concurrent pancreatic head involvement) was seen in 18 of our patients (54.54%). In none of our cases, the vessels were either encased or attenuated. They remained normal in course and caliber in 9 (27.3%) patients, while they were medially displaced in the remaining 24 (72.7%) patients, but were encased or attenuated in none.

The pancreas proper typically remains normal in bulk and displays preserved parenchymal enhancement, especially during the early stages of the disease. However, in advanced disease, patients may show changes of chronic calcific pancreatitis and/or duct dilatation. Pretis *et al.*, in their study population of 112 patients reported "diffuse" form of the disease, i.e. chronic pancreatitis changes involving the entire gland, in 90 (80%) patients. Pancreatic calcifications were observed in 68 (61%) patients.\[[@ref30]\] More recently, Zaheer *et al.*, reported pancreatic duct dilatation in 8 of their 12 patients (66.66%), calcifications localized to the head in 4 (33%), diffuse calcification in 1 (8.33%), and pancreatic glandular atrophy in 3 (25%) patients.\[[@ref31]\] Twelve of our 33 (36.3%) patients showed pancreatic parenchymal atrophy, while 10 (30.3%) patients showed pancreatic calcifications and as many as 18 (54.54%) patients showed main pancreatic duct dilatation.

Characteristic imaging manifestations on MRI include the presence of a sheet-like fibrous scar within the pancreato-duodenal groove that appears hypointense relative to the normally hyperintense pancreatic parenchyma on T1W.\[[@ref9][@ref10][@ref21][@ref23][@ref28]\] On T2W, it shows variable signal ranging from hypointense, isointense, or slightly hyperintense relative to the pancreas \[[Figure 10](#F10){ref-type="fig"}\]. The T2W signal intensity changes are considered demonstrative of the pathologic characteristics of the disease -- the bright signal signifies active edema and inflammation, while hypointense signal represents fibrosis.\[[@ref1][@ref21][@ref23][@ref28]\] Following intravenous contrast administration, the scar tissue exhibits a delayed and inhomogeneous progressive enhancement reflecting its fibrous nature. Ishigami *et al.*, reported that patchy focal enhancement in the portal venous phase is a helpful imaging manifestation favoring paraduodenal (groove) pancreatitis over groove carcinoma, which was seen in 14 of 15 (93%) patients studied by them. Patchy focal enhancement putatively reflects the enhancement of pancreatic tissue within the inflammatory mass.\[[@ref24]\] The dorsocranial portion of the head of the pancreas may display hypointense signal (on T1W MRI) reflecting varying degrees of focal parenchymal fibrosis. However, this can progress to involve the entire gland reflecting disease chronicity and ensuing loss of glandular cells, protein, and lipid contents of the gland.\[[@ref28][@ref29]\]

![Unenhanced MRI of abdomen in a 48-year-old chronic alcoholic male showing a mass (arrow) in the groove region sandwiched between the pancreatic head (arrowhead) and descending duodenum (dotted arrow). The mass depicts hypointense signal on T1W (A) and isointense signal on the corresponding T2-weighted image (B)](IJRI-25-303-g012){#F10}

Most cases also manifest features of duodenal inflammation as evidenced by medial duodenal wall thickening and/or cystic formations within the duodenal wall. These cysts are best visualized on T2W imaging and corresponding MRCP \[[Figure 11](#F11){ref-type="fig"}\].\[[@ref27][@ref28][@ref29]\] Also, a characteristic tubulocystic pattern corresponding to the path of the duct of Santorini/minor papilla (groove region) may be seen.\[[@ref6][@ref7]\]

![(A and B) Thick slab 2D MRCP depicting characteristic features of paraduodenal pancreatitis as evidenced by paraduodenal cystic formations (thick arrow) with associated widening of the space between the descending duodenum, bile duct, and the pancreatic duct. There is associated smooth tapering of the distal bile duct (thin arrow). The pancreatic duct in the head region shows smooth decrease in diameter (arrowhead) with modest dilatation of the upstream duct (dotted arrow)](IJRI-25-303-g013){#F11}

On MRCP, the main pancreatic duct usually is normal in appearance; however, it may smoothly decrease in its diameter near the ampulla. In addition, at times, the main duct appears ectatic and irregular with changes of chronic pancreatitis. Of our 33 patients, 18 (54.5%) manifested pancreatic duct dilatation at presentation with or without side duct ectasias. The distal bile duct frequently shows mild smooth concentric long segmental stenosis as opposed to irregular narrowing or shouldering caused by pancreatic carcinoma. Also, 9 (27.3%) patients in our study demonstrated smooth distal bile duct narrowing, while none had an abrupt bile duct cut-off to suggest malignancy. Another finding commonly seen is the widening of the space between distal pancreatic and common bile ducts and duodenal lumen on MRCP.\[[@ref28]\] Blasbalg *et al.*, reported this to be a sensitive finding seen in almost all patients in their study group. Another intriguing finding is the elongated and distended gallbladder (banana-shaped gallbladder) which has been attributed to long-standing biliary dilatation.\[[@ref28]\] We encountered this in only three of our patients (9%).

Differentiation of PP from pancreatic carcinoma is particularly difficult in cases where there is pseudotumoral inflammatory enlargement of the head of the pancreas. An important feature is the mild smooth and progressive narrowing of the main pancreatic duct in the head of the pancreas. The pancreatic duct narrowing is relatively longer and smoother (penetrating duct sign) and the upstream duct dilation is only modest when compared to that seen in cases of pancreatic carcinoma. More recently, Kalb *et al.*, studied the performance of MRI in distinguishing PP from groove carcinoma. They concluded that when three strict diagnostic criteria were used to define PP (including duodenal wall thickening, abnormal increased enhancement of the descending duodenum, and cystic change in the region of the Santorini duct), a high diagnostic accuracy of 87.2% (41 of 47 patients) could be achieved and carcinoma could be rightly excluded with a negative predictive value of 92.9% (26 of 28 cases).\[[@ref7]\]

Owing to its ability to differentiate the histologic layers of the gastrointestinal (GI) tract walls, EUS allows excellent and much more detailed evaluation of the duodenum, the paraduodenal structures including the groove region, and the adjoining pancreas. EUS examination delineates with high precision the inflammatory changes of PP seen in the form of parietal thickening of the second portion of the duodenum with prominent intramural and paraduodenal cystic changes \[[Figure 12](#F12){ref-type="fig"}\]. The groove region frequently shows hypoechoic scar tissue with a relatively bulky heteroechoic head of the pancreas. Smooth biliary narrowing can be demonstrated with greater clarity on EUS examination. Some patients may also exhibit pancreatic inflammation, calcifications, pseudocysts, and duct dilatation.\[[@ref9][@ref28][@ref29]\] At times, the hypoechoic mass imperceptibly merges with the head of the pancreas, simulating a malignancy. But the smooth progressive narrowing of the main pancreatic duct as it courses through the head of the pancreas can help differentiation from a pancreatic malignancy which causes abrupt irregular duct narrowing with pronounced dilatation of the upstream duct. EUS not only provides supplementary information to that acquired with abdominal CT and MRI, but EUS-guided biopsy and histopathologic examination of the soft tissue within the groove can also help exclude malignancy in confounding cases.\[[@ref33]\] However, needle tissue samples are not always easy to interpret and the relatively small sample tissue may not be able to confidently eliminate the possibility of carcinoma.\[[@ref33][@ref34]\] Nevertheless, the presence of spindled stromal cells, foamy cells, disproportionate Brunner glands, and granular debris in appropriate clinical settings can be an important clue to the diagnosis.\[[@ref8][@ref33][@ref34]\] The drawbacks of EUS examination are its limited availability, operator dependence, and deterrence of examination in patients with duodenal stenosis.\[[@ref9][@ref22]\]

![EUS showing medial duodenal wall thickening (A) with accompanying intraparietal cysts (thin arrow) within the duodenum (B) Also, note focal pancreatic calcification (thick arrow) (A)](IJRI-25-303-g014){#F12}

Therapeutic options for treating PP can be broadly categorized into conservative therapy and surgical intervention.\[[@ref1][@ref2][@ref3][@ref4][@ref5][@ref9][@ref10][@ref35][@ref36][@ref37][@ref38][@ref39][@ref40]\] Conservative therapy is primarily useful during the early stages or acute phase of the disease and includes abstinence from alcohol and smoking, use of analgesics, proton pump inhibitors and a pancreatic enzyme supplement, nutritional support, and/or endoscopic cyst drainage or stenting.\[[@ref36][@ref37][@ref38]\] Isayama *et al.*, demonstrated minor papillotomy (followed by stenting and drainage of the Santorini duct) as an innovative and feasible minimally invasive endoscopic therapy for managing symptomatic patients; however, the procedure\'s long-term success rates are uncertain.\[[@ref38]\] In one of the recently published series, using endotherapy as the first-line intervention in PP,\[[@ref36]\] Arvanitakis *et al.*, reported complete clinical success in 70.7% of patients, with an overall survival rate of 94.1% after a median follow-up of 54 months. Out of 51 patients, a total of 39 patients underwent initial endoscopic treatment: Cystenterostomy (*n* = 20), pancreatic and/or biliary duct drainage (*n* = 19), and/or duodenal dilation (*n* = 6), while only 9 patients required surgery (25%). In accordance with this study, our patients also could be managed with a combination of conservative management as well as endotherapy in the form of pancreatic or biliary stenting, sphincterotomy, and/or duodenal dilatation.

Surgical intervention is generally reserved for those with unrelenting obstructive GI symptoms or confounding cases where exclusion of malignancy is difficult.\[[@ref39]\] Preferred surgical intervention includes a radical pancreato-duodenectomy (using the Whipple procedure) which not only relieves the patient from GI obstruction but also from chronic abdominal pain. Complete remission of abdominal pain following pancreato-duodenectomy was reported in 76% of subjects by Casetti *et al.*\[[@ref5]\] On the other hand, all the patients reported pain relief and increase in body weight in the surgical series of Rahman *et al.*\[[@ref40]\]

To conclude, PP is a unique variant of chronic pancreatitis seen in men in their fourth or fifth decade with a history of chronic alcohol abuse and/or smoking, who present with recurrent episodes of upper abdominal pain often accompanied by obstructive GI symptoms. Laboratory examination reveals marginal elevation of pancreatic enzymes while the serum tumor marker levels, except in a few patients, generally remain normal. Improved diagnostic techniques such as MDCT, MRI/MRCP, and EUS can superiorly delineate the duodenal and juxtaduodenal abnormalities encountered in PP, which include medial duodenal wall thickening exhibiting increased enhancement, intramural and/or paraduodenal cysts, with or without a plate-like scar tissue in the groove region, which may at times contiguously involve the pancreatic head. As opposed to groove pancreatic carcinoma, the peripancreatic arteries are neither infiltrated nor attenuated/encased; rather they get medially displaced. A correct preoperative imaging diagnosis can curtail further diagnostic workup including an invasive biopsy and, therefore, limit the overall patient risk, cost, delayed diagnosis, and attendant patient apprehension. Also, it can aid in optimal therapeutic planning including the decision of whether or not to use preoperative chemotherapy (in patients with pancreatic carcinoma) or subject the patient to radical surgery such as pancreaticoduodenectomy.
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